This study examines the relationship between firm size and structured work-related training by analyzing data from the 2001 installment of the Australian Bureau of Statistics' Survey of Education and Training. The results show a positive correlation between the probability of training and firm size for both male and female workers. A similar positive correlation between the intensity of training and firm size is also evident.
Introduction
Work-related training plays a significant role in human capital formation in advanced economies. In spite of its important role, research on the determinants of training remains deficient, in part because of the lack of appropriate data. One particularly under-researched topic within the training literature is the relationship between employer size and substantive types of work-related training (i.e. computing, health and safety, management/professional, etc.). Although the positive relationship between size and the incidence and intensity of training has become well-established, there has been much less work on how employer size is linked with the kinds of training firms generally provide, simply because the data sets analysts use to study training often do not observe the substance of training courses.
Another common deficiency in the size-training literature lies in the failure to observe training in very small firms (say firms with fewer than 10 workers). This problem is not trivial. In the U.S. approximately 16 percent of employment is attributable to firms with nine or fewer workers (Butani et al. 2006) . Similarly, the figure for
Australia is approximately 15 percent of the workforce. 1 One source of the deficiency is that research focusing specifically on the size-training effect generally has been conducted using data from firm-or establishment-level surveys, which generally exclude smaller firms altogether from their sampling frames. Lynch and Black (1998) for example, explored the size-training issue with data that limited its sample to firms with 20 or more employees, which is typical of such research (also see Frazis, Gittleman and Joyce 2000 and Osterman 1995) . To the extent that training behavior differs in very small firms compared to their larger counterparts, research using this kind of data will fail to fully capture the economy's training experience, and thus will not observe a potentially significant source of a training deficit that may exist.
Another source of the failure to capture training experience in very small firms arises even when the analyst uses individual-level data that does not exclude very small firms. In such data sets, the smallest size category often combines very small firms with slightly larger firms. For example, the smallest firm-size category in Survey of Program Participation (SIPP), an individual-level data set from the U.S. containing training variables, is fewer than 25 workers. If the experience in very small firms differs significantly from that of their slightly larger counterparts, then the source and nature of a potential training deficit will, again, be missed.
Still another issue arising from the data commonly used to address size-training effects is that some individual-level data sets categorize employer size by assigning a relatively small lower class limit for the largest size category. This has the effect of combining firms together with dissimilar training behavior at the upper end of the size spectrum. For example, consider that the largest firm-size category in the SIPP is 100+
workers. Similarly, most of the installments of the Survey of Education and Training (SET), a large nationally representative survey of training experience in Australia used for the present study, also uses the '100+' firm size category. To the extent that firms employing 100 workers exhibit significantly different training behavior than firms employing 1,000 workers, the analysis using such data has the potential to not capture differences in training experience among medium-sized and larger firms.
The purpose of the present study is to further explore the relationship between employer size and work-related training using an individual-level data set that allows for an examination of size-training effects for different substantive kinds of training, while also observing a wider range of firms sizes, ranging from very small (less than 10 employees) to large (1000+ employees). The data were obtained from the Australian
Bureau of Statistics' (ABS) 2001 installment of the SET, a quadrennial survey of a large random sample of working-aged Australians. The SET gathers extraordinarily detailed information relating to training at work, as well as details on other human capital investments, the size of employers, and other variables generally controlled for in labor market analyses. The study is also unique because it is the first to examine the size/training-type issue in a multivariate setting using individual-level data. 2 Finally, the research adds to the literature by updating and extending Miller's (1994) comparison of size-training effects by gender.
Previous Research
Empirical research has clearly shown that an employer's size affects labor market outcomes, such as wages, fringe benefits, and turnover (e.g. Brown and Medoff 1989; Oi and Idson 1999; Troske 1999) . Studies from the U.K., U.S., and Canada have also documented the relationship between employer size and training, although the findings are often in the context of assessing other determinants of training such as gender, 2 As previously indicated, Lynch and Black (1998) addressed the relationship between employer size and training types using establishment-level data.
educational attainment, or union status. For example, Green, Machin and Wilkinson (1999) study the union-training effect using British firm-level data from the Employers'
Manpower and Skills Practices Survey from 1993. They find a statistically significant and increasingly higher probability of training as firms' sizes increase. Notably, the study did not observe the substance of training and the survey's sampling frame only includes firms with 25 or more employees, with the highest category being 1,000+ workers.
In another study focusing on Britain, Booth (1991) uses individual-level data from the British Social Attitudes Survey of 1987, finding that female workers in British firms with 25 or more workers are more likely to engage in job training. Although the size effect is positive for male workers, it is not statistically significant. This is an example of a study that observes individuals with very small employers (say fewer than 10 workers) combined with those employed in slightly larger firms (between 10 and 24 workers). In a more recent study, Green and Lemieux (2007) also combine small and very small firms together when they use individual-level data from Canada to study the relationship between unions and training. They control for firm-size, and not surprisingly, find a lower propensity to train in smaller firms for both men and women. The smallest size category ranges from 1 to 20 workers. Notably, neither Booth (1991) nor Green and Lemieux (2007) addressed the substance of training courses in their research.
As previously mentioned, Lynch and Black (1998) conducted research on training based on establishment-level data from the U.S. gathered in 1991. The study is unique because of its focus on the substance of training courses offered. They find that even after controlling for an extensive array of worker and firm-level characteristics, large firms are more likely to provide structured training programs than small firms. When the training is broken down into substantive areas, larger firms (those with 1000+ employees) are found to be more likely to provide training in computers, teamwork, and basic education. Their results also indicate that firms that adopt high-performance work practices, that are capital intensive, and that hire more educated work forces are more likely to train, regardless of size.
Similarly, Frazis, Gittleman and Joyce (2000) report positive size-training effects.
Using a combined individual-establishment level data set, which focused on firms with 50 or more workers operating in the U.S. during 1995, their findings show that 70 percent of firms offered their workers some kind of structured training. They also find a positive correlation between size and incidence of training among employees when the question was whether workers had ever received training from the firm. When the time frame for receiving training is confined to the previous 12 months (as in the present study), however, the size effect did not reach statistical significance. Unlike Lynch and Black (1998) , there was no differentiation between types of training firms offered.
Several papers have examined the determinants of training using data from Australia. More recently, Almeida-Santos and Mumford (2004) use the 1995 Australian Workplace Industrial Relations Survey (AWIRS), which combines observations on both the firm and individual levels, to study the incidence of training. To the author's knowledge, it is the only study in the literature to find a negative and statistically significant coefficient on the employer size variable. Similar to other studies relying on data gathered at the firm level, the sampling frame only includes firms with 20 or more employees. In addition, the data do not observe the types of training firms provide.
Other researchers have used previous installments of the ABS's SET to address the size-training effect. Miller (1994) , for example, uses the 1989 SET to assess training differentials between males and females, and, using firm size as a control variable, finds that larger firms were significantly more likely to offer structured training than their smaller counterparts. In addition he finds that, other things equal, male workers are more likely to engage in structured training conducted in-house by the firm. Female workers on the other hand, are more likely to train in programs external to the firm. Wooden (1996) uses the 1993 SET to find that larger firms are substantially more likely to provide structured in-house training than smaller firms. He also documents that the relationship between size and work-related external training is substantially weaker compared to inhouse training, with medium-sized firms being more likely to offer training external to the firm. Both Miller (1994) and Wooden (1996) made use of the "very small" size category established in the SET, and found that workers in very small firms are less likely to train than those in firms employing 100 or more.
Neither of the studies based on SET has focused on the substantive kinds of training offered by firms, and they both used employer size variable with the '100+ Table 1 show a clear positive correlation between size of the firm and the incidence of completing at least one in-house training course. 4 The incidence 4 To the extent that training policies and practices are made at the level of the firm, it would seem reasonable to measure firm-size with the number of employees in the entire firm rather than the number of employees in the establishment. There is not a consensus in the literature on which size measure is the better. Some labor market studies using data from Australia have opted to control for the size of the firm (e.g. Wooden 1996;
Waddoups 2005), while others have used establishment size (Booth and Katic 2011; Miller and Mulvey 1996) . The size measure used in this paper represents the number of employees in all the firm's establishments throughout Australia.
of in-house training in firms with fewer than 10 workers lies between 7.0 and 10.7 percent among males and females, respectively. The training incidence figures for the firms with 1000+ employers are much larger, showing that roughly 62 percent of workers in the sample report in-house training.
5 Table 1 about here It is reasonable to expect that larger firms train on an in-house basis more frequently because of economies of scale (Black, Noel, and Wang 1999) , or perhaps because they are more likely to produce goods and services using more sophisticated, 5 Other results not displayed in Table 1 show that 92.8 percent of male respondents and 94.0 percent of female respondents perceive their in-house training courses to be transferable to other firms. For external training, the figures on transferability are 98.1 percent for males and 97.9 percent for females. Thus most of the training does not appear to fit within Becker's (1962) classic description of firm-specific training. In addition, a large majority of workers did not incur costs in either their in-house or external training courses. Only 2.7 percent of males and 6.1 percent of females reported incurring costs in in-house training. The figures for external training were somewhat higher at 8.5 percent for males and 14.3 percent for females. These figures suggest that a vast majority of the training that is the subject of this paper is both transferable and paid for by firms. An extensive literature has developed around explaining conditions under which firms will invest in general or transferable training. See Acemoglu and Pischke (1999) as an example.
capital intensive production processes, which require more training (Troske 1999) . It may also be the case, however, that smaller firms, because of lack of economies of scale, conduct their training externally rather than internally. Results in Table 1 show that there does appear to be some substitution of external for in-house training among smaller firms. Indeed, workers in the largest firms seem to be slightly less likely to train externally than those in the smallest firms.
To compare the incidence of any structured training course, I combined the two categories so that respondents are considered to have trained if they engaged in either inhouse or external training, or both. The results under 'Any Structured Training' in Table   1 clearly demonstrate the large advantage in structured training enjoyed by employees of larger firms. Whereas between one-fifth of male and one-fourth of female workers in the smallest firms reported training in the previous year, two-thirds of workers in the largest firms trained. 6 Even respondents employed at firms with between 100 and 499 employers are 10-12 percentage points less likely to train than those employed in the largest employers.
The training incidence figures tabulated by firm size in Table 1 demonstrate roughly the same pattern for male and female workers. The average hours of training, conditional on receiving training, however, reveal a potentially significant difference between the two groups. In every cell for both types of training, average hours of 6 Previous research focused on unstructured (informal) on-the-job training does not reveal large differences by firm size, which indicates that smaller firms are not substituting unstructured training for structured training compared to their larger counterparts (Waddoups 2010) .
training are larger for males. I will address whether such differences hold up in a multivariate context in a subsequent section of the paper. Table 2 shows that union membership and employment in the public sector are much more likely to be associated with larger firm sizes. 
Empirical Model and Estimation Results
By estimating a model of the determinants of training while controlling other variables besides employer size, it is possible to get a more complete view of the decision to train. The empirical strategy is to estimate the probability of training (P) using a maximum likelihood probit procedure according to the following model:
where P represents the probability of training in the previous 12 months, Employer Size represents a vector of size dummy variables that control for employer size, X is a vector of other variables that may affect the probability of training, β and δ are vectors of parameters to be estimated and ε is a random error term.
Incidence of Training The first probit model estimates the probability that a worker who has been with the firm for at least one year engaged in one or more in-house training courses during the 12 months prior to the interview. The equation was estimated separately for males and females. The second model estimates the probability of external training, again separately for male and female workers, and the third estimates the probability of either in-house or external training, or both. The parameter estimates in Table 3 are presented as marginal effects with '1000+ employees' as the omitted firm-size category.
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The results in Table 3 reinforce the summary statistics in Table 1 , exhibiting a clearly decreasing probability of in-house training as the size of the firm increases, even after controlling for other factors that may have affected the incidence of training. As marginal effects, the coefficient on the '<10 Empl' variable has the following definition:
everything else equal, a worker in a firm with fewer than 10 employees is 42 percentage points less likely to have engaged in in-house training in the previous 12 months than a 7 Appendix Table 1 provides descriptive summary statistics for variables used in the estimations and Appendix Table 2 provides all coefficients and z statistics from the equations in Table 3 .
worker in a firm with 1000+ workers. For females the corresponding probability figure is 39 percentage points. Notice also that the coefficients on the '100-499 Empl' and '500- suggest that having access to data on training behavior of very small firms provides a more complete picture of the size-training relationship. Finally, the findings indicate that while there appear to be differences in point estimates of coefficients between male and female workers, they generally do not reach statistical significance. Table 3 indicate that the general pattern established in panel 1, describing differences in in-house training, holds for the combined training variable in panel 3, where there is a monotonically decreasing probability of structured training observed as one moves down the employer size spectrum.
To the extent that structured work-related training plays a critical role in forming an economy's human capital stock, there is clearly a lower likelihood that workers will receive structured training in smaller firms. Moreover, although the qualitative pattern of the results is not surprising based on findings of previous research, this research does provide additional insight into the magnitude of the decline in training among very small firms, which is not available in other studies. For example, if the size category stopped at the '20-99 Empl' category, the difference in the probability of training between the '1000+Empl' and '20-99 Empl' categories would be a significant .196 probability points for males and .124 for females. Accounting for the training experiences of workers in the '<10 Empl' category, which, as stated previously, employs 15 percent of workers in Australia, however, leads to another .173 probability point drop for males and .166 point drop for females, figures which are clearly statistically and economically meaningful.
Although lower training levels in smaller firms does not necessarily indicate that there is less than socially optimal levels of training occurring --perhaps production technology in the smallest firms is less likely to require training --it does raise cause for concern, and suggests that additional research on the topic is warranted.
Intensity of Training A weakness of the probit model is that it measures the incidence of training without measuring its intensity, which is defined here as hours of training during the previous year. For example, it may be that while larger firms are more likely to train, smaller firms provide more hours of training, or perhaps that while male and female workers have similar incidences of training, male workers receive substantially more hours. Fortunately, the SET asks respondents to report how many hours during the previous 12 months they engaged in in-house or external training. Recall that Table 1 contained descriptive statistics of training hours for in-house, external, and any structured training variables. For those receiving training, the average amount was 36.8 hours and 25.2 hours for males and females, respectively. The intensity of training grows as firm size increases, and males in the largest firms have significantly higher rates of training than females.
Similar to the analysis of the incidence of training, I estimated the determinants of the hours of training using multivariate analysis, this time with a maximum likelihood tobit procedure. The equations were again estimated separately for males and females and also separately for each training category. The model is given by,
Hours of Training=α + β 1 (Employer Size) + δX + ε.
The results are located in Table 4 . Table 4 about here Similar to the results on the incidence of training, Table 4 indicates that workers in smaller firms train on an in-house basis less intensely than in larger firms. The model predicts that male workers in firms with fewer than 10 workers will train approximately 120 fewer hours than similarly situated workers in firms with fewer than 1000+ workers.
The results in Table 4 indicate 56 fewer training hours in the '20-99 Empl' category relative to '1000+ Empl' category. There is also a statistically significant difference in the coefficients describing male and female training hours, where males train significantly more intensely in all size categories.
Turning now to the results on external training, there appears to be more hours provided among firms with fewer than 1,000 workers relative to the 1000+-worker firms.
The results, similar to those found in the incidence equations, hold for both men and women, and suggest that, relative to the largest firms, the medium-and small-sized firms substitute external for in-house training. Although the pattern in coefficients appears more pronounced among female workers, the differences by gender do not reach conventional levels of significance.
When considering the 'Hours of Any Structured Training' variable, the pattern of coefficients clearly forms a monotonically decreasing level of training intensity as the firm size becomes smaller. All coefficients are negative and statistically significant, indicating that workers in the largest firms train more than their counterparts in smaller firms.
Similar to the findings on the incidence equations, if the sample only focused on workers in firms with 20+ workers, as is the case with establishment level data, the sizetraining effect would look substantially more attenuated. For males the estimate would be only 41 fewer hours of structured training compared to the 77 fewer hours when the smallest firms are included, and for females the estimate would be only 14 hours of training fewer instead of the 33 hours fewer. These results reinforce the importance of accounting for very small firms' training behavior when addressing the size-training effect. Similar to the findings on the incidence equations, the magnitude and statistical significance on the coefficients of the '100-499 Empl' and '500-999 Empl' variables also suggest that not being able to account for larger firms would limit the usefulness of the data for detecting size-training effects.
The coefficients associated with the smallest four size categories also exhibit differences by gender, where males engage in significantly more training hours than females. In terms of the differences in training by firm size, the tobit results are qualitatively similar to the probits for the three training variables. The tobit models, however, reveal that female workers along much of the firm-size spectrum receive significantly fewer hours of training, which did not emerge nearly as strongly in the incidence equations. Differences in training by gender, thus, tend to manifest themselves as fewer hours for females more than a lower likelihood that training will occur.
Types of Training
The two previous sections addressed the size-training effect with respect to incidence and intensity. The next step is to examine the content of training. It is rare that a study on the determinants of training deals with content simply because it is generally not available in the data. The notable exception, as previously mentioned, is Lynch and Black (1998) , which addressed content in the size-training effect using company-level data from the U.S. Lynch and Black (1998: 71) that found a relatively low proportion of American firms providing training in basic education. Not surprisingly a pattern of males being more likely to engage in trade and craft skills and females in clerical skills also emerges in Table 5 . To obtain a better understanding of such training patterns, equation 1 is estimated again, but this time P represents the probability of training in a given substantive area.
Like the methodology that produced results in Table 3 , I estimated separate equations for in-house, external, and any structured training by gender to arrive at the results listed in Table 6 . Note that not all the training categories from Table 5 are represented in Table 6 , because some training categories are rare enough that the resulting estimates were unreliable. Table 6 about here
In general, the results in Table 6 exhibit the same general pattern of smaller probabilities of 'in-house' and 'any structured training' as was revealed in Table 3 . At this level of disaggregation there are, however, very few differences in probability of training between male and female workers.
Focusing first on in-house management and professional training, the results show a clear and monotonically decreasing training probability as firm size decreases.
Based on respondents' experience, the model predicts that all else equal, workers in the smallest firms are approximately 10 percentage points less likely to train than their counterparts in the largest firms. In addition, the difference between the coefficients on the '<10 Empl' and '20 -99 Empl' variables for both males and females is statistically significant (p-value<0.10), which suggests that not observing the smallest firms tends to mask real behavioral differences based on firm size. Moreover, statistically significant differences in the coefficients of the largest firms and firms in the '100 -499 Empl' category suggest that being able to observe firm sizes of 1000+ is also an important for our understanding of the size-training relationship.
Similar to the results in Table 3 , the coefficients on external training are positive and generally statistically significant for firms employing fewer than 500 employees.
Again, such results suggest that being able to observe larger firm sizes (1000+ employees) adds to our understanding of the training process. Significant differences in training incidence of the smallest firms and their slightly larger counterparts, however, do not register for external training. Turning to the any structured training category, the results for males appear qualitative similar to those in the 'in-house' group. That is, the pattern exhibits a progressively decreasing incidence of training with smaller firm sizes.
The results for females are less clear, suggesting that firm size is not as important a determinant of management and professional training taken as a whole for female workers.
Other results in Table 6 exhibit similar patterns. For example, consider the 'Technical and Paraprofessional' category, where the coefficients on the '< 10 Empl' variable in the in-house equations are significantly smaller than coefficients on the '20 -99 Empl' variables, which suggests that observing the smallest firm sizes is important to our understanding of overall technical and paraprofessional training. Similarly, the statistically significant estimates in the female 'in-house' equation on the larger two size categories indicates that larger firms are more likely to train, and suggests that not being able to differentiate between firms in the larger size categories would detract from our understanding of the training process.
Moving to the combined training category in the male equation, the coefficient on the smallest size category is significantly smaller than the coefficient in the '20-99 Empl' category, and among females, the coefficients on the 'larger two size categories are statistically significant. This pattern reinforces the notion that being able to observe the largest and smallest firms increases our understanding of the size-training effect also when training events are disaggregated by type.
Safety training is another relatively common substantive field for training as is evident from Table 5 . The results in Table 6 suggest that although there does not appear to be much difference in the incidence of training in the three largest size categories, a real difference emerges upon comparing the smallest firms with the others. Not only is there a large difference between the smallest and largest firms, but there is also a statistically significant and economically meaningful difference between the firms with fewer than 10 workers and those in the '20-99 Empl' category.
Conclusion
The purpose of this study is to examine further the relationship between firm size and structured work-related training. Relying on a rich data source on training experience in the Australian economy, the research provides additional insight into the size-training question. Perhaps the most novel contribution of this research is its treatment of the size-training effect based on substantive kinds of training. The results reveal that the most common types of training, management/professional, health/safety, and technical/paraprofessional, follow the same pattern as more aggregated training measures, which is a declining incidence of training as one moves from larger to smaller firms. One illuminating finding in this regard is the significant lack of health and safety training that occurs among workers in very small firms. Whether this is a result of less dangerous production technology being used in smaller firms, or whether there is actually a suboptimal level of health and safety training among such firms would be a fruitful topic for future investigation.
The research also suggests that the methodology in much of the literature, in which very small firms are not included in sample frames, produces research that will almost surely fail to capture a significant portion of the potential deficit in work-related training. Firms with fewer than 10 workers, while employing about 15 percent of workers of the Australian economy and 16 percent in the U.S. economy, are much less likely to provide training. To be sure, it is not entirely clear how much of the training deficiency in small firms should be considered economically suboptimal because of the differing nature of production processes across the size spectrum. At the very least, however, the findings suggest that additional research on the adequacy of training practices of very small firms should be considered in future research.
A similar argument about lack of appropriate data applies to the upper end of the firm size distribution. In individual-level data sets lower class limits of firm-size categories are set too low, as in other installments of the SET and the SIPP, where the largest size category is 100+. The findings here show that important differences in training practices occur among firms within a 100+ category that could easily be elucidated with more precisely defined size classes at the upper end of the distribution.
Finally, the study illustrates a serious gap in current U.S. labor market data. The SET provides Australian analysts and policymakers with rich, consistent, and timely data on training practices and educational attainment, which are useful for informing training and education policy. No such data is available in the U.S. Arguably, however, investing resources to gather such data could pay dividends in the form of better informed education and training policy in the future. The probit equations controls for age, tenure with employer, and tenure in occupation and their squares. It also controls for education, casual employment, public sector employment, marital status, part-time, english speaking ability, region of residence, occupation, and industry of employment. The excluded category is 1000 or more employees. Results of full regression equations are available upon request. The probit equations controls for age, tenure with employer, and tenure in occupation and their squares. It also controls for education, casual employment, public sector employment, marital status, part-time, english speaking ability, region of residence, occupation, and industry of employment. Results of full regression equations are available upon request. Independent variables are defined as the probability that a worker reported at least one internal training course, external training course, or any structured training course of the type listed in the previous 12 months. 2 The control for employer size is the number of employees in all the employers' establishments throughout Australia. Independent variables are defined as the probability that a worker reported at least one internal training course, external training course, or any structured training in the previous 12 months. 2 The variable for employer size is the number of employees in all the employers' establishments throughout Australia.
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